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ABSTRACT
In this study the capability of the co-polarized phase dif-
ference (CPD) for oil spill observation has been investi-
gated. A simple and effective ﬁltering technique, based
on the standard deviation (σ) of the CPD Synthetic Aper-
ture Radar (SAR) image, has been implemented. First
experiment, accomplished over SIR-C/X-SAR C-Band
data, have shown different sensitivity of the ﬁltering tech-
nique with respect to oil spills and biogenic oil look-
alikes. Since this technique needs only HH and VV
data it can be applied also on dual-polarized data such
as those provided by the ASAR operated on board on
the ENVISAT satellite and the forthcoming COSMO-
SKYMED.
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1. INTRODUCTION
Sea oil pollution is a matter of great concern, in fact,
about 180 millions of gallons are estimated to be spilled
every year [1]. Since 90% of the oil is transported by
means of oil tanker this fact, unavoidably, generates sea
oil pollution due to accidental and illegal events. Fur-
ther, most of oil reﬁnery and oil-based chemical indus-
try are located along the coasts and they also contribute
to disharge oils in the sea. Such pollutants have im-
portant effects both on economy (ﬁsheries and aquacul-
ture, tourism and recreation...) and on human health
either when inhaling or touching oil products, or when
eating contaminated sea food. For all these reasons, it
is straightforward, that a non cooperative oil spill mon-
itoring system, capable to operate day and night and in
all weather conditions, is fundamental, for any informa-
tion system, in order to support law enforcement and to
minimize ecosystem impact of such pollution events [1].
On this purpose remote sensing, by means of instrument
mounted on board satellites and airplanes, is a key tool
[2]. In particular, active microwave sensors, like Syn-
thetic Aperture Radar (SAR), are able to capture two-
dimensional images which are related to the microwave
backscattering properties of the observed scene. The
SAR, due to its all-weather day and night capability, is
an important tool for oil spill monitoring [2]. Through
SAR it is possible to detect oil spills because a dampen-
ing effect: oil ﬁlm dampen the Bragg centimeters wave
on the ocean surface and then reduce the radar backscat-
tering. Such low backscattering areas result in dark re-
gions in SAR images. However, sea oil spill observation
cannot be based on a naive image grey tones analysis [2].
In fact, SAR images are affected by multiplicative noise,
i.e. speckle, which hampers feature detection and other
physical phenomena, known as look-alikes, may gener-
ate dark patches over SAR images [2].
Nowadays, there is a general consensus that radar po-
larimetry is able to provide additional information for en-
vironmental remote sensing applications. In fact the in-
teraction between the radar signal and the observed scene
changes with radar polarization. Such interaction de-
pends on the scatterers characteristics and on the scatter-
ing mechanisms. Thus, in general, different polarizations
produce different signatures and only fully polarimetric
measures allows collecting all the information [3]. In
such a framework new polarimetric techniques, mostly
based on fully polarimetric SAR data, have been devel-
oped to improve oil spill observation [4]. However, al-
though a fully polarimetric SAR is highly suitable, limi-
tations of payload, data rate, budget, required resolution,
area of coverage..., very often make such system very
far for becoming a reality, especially in a space-borne
system. In fact there are many operational missions,
such as ENVISAT and the future COSMO-SKYMED,
which employ a partially polarimetric SAR system. In
such cases only partially polarimetric SAR data are avail-
able. Among the different features related to the partially
polarimetric data the phase difference between HH and
VV channels, henceforth co-polarized phase difference
(CPD), has been shown by [3] to be the best one for land
classiﬁcation, when fully polarimetric data are not avail-
able.
Inthisstudythecapabilityofthestandarddeviation(σ)of
the copolarized phase difference (CPD), which has been
used for classifying different agricultural ﬁeld [5, 6], is
shown to be useful to assist oil spill detection. Experi-
ments, accomplished over SAR C-Band data by means
of a simple and very effective ﬁltering technique, have
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tion and for distingushing between oil spills and biogenic
look-alikes.
2. THEORETICAL BACKGROUND
A polarimetric SAR measures, on a pixel basis, the scat-
terig matrix S, which relates the electromagnetic ﬁeld
scattered by the observed scene Es to the incident one
Ei:
Es =
e−jkr
r
SE
i . (1)
The scatteing matrix, considering a linearly polarized
electric ﬁeld, is given by:
S =
 ˙ Svv ˙ Svh
˙ Shv ˙ Shh

, (2)
where each complex element of the scattering matrix,
called scattering amplitude, can be written as:
˙ Spq = Spqejϕpq p,q = v,h . (3)
Thus, invoking reciprocity, eq.2 can be written as:
S = ejϕvv
 ˙ Svv ˙ Svhejϕx
˙ Svhejϕx ˙ Shhejϕc

, (4)
whereϕx = ϕvh−ϕvv = ϕhv−ϕvv andϕc = ϕhh−ϕvv
are the cross- and the co- polarized phase angles, respec-
tively.
WhenapolarimetricSARilluminatesanareaofaseasur-
face many elementary scatterers point contribute to the
total scattered electric ﬁeld received by the SAR antenna,
thus each scattering amplitude can be written as:
˙ Spq =
N X
n=1
Sn
pqejϕ
n
pq . (5)
Under the hypothesis of strong scattering regime [7], the
magnitude of the scattering amplitude, Spq, is described
by a non-Gaussian model (K- or Generalized K- distri-
bution) [8], whose parameters are stricltly related to the
scene properties [9]. Instead the pdf of each phase angle,
ϕpq, is uniformly distributed over [−π,π] and does not
containanyinformationaboutthegeometricalanddielec-
trical scene properties. However, the co- and cross- polar-
ized phase differences, ϕc and ϕx, may not be uniformly
distributed and thus can be related to the scene proper-
ties. In particular, while the pdf of ϕx, for most natural
scene, is usually uniformly distributed over [−π,π], the
CPD pdf is strictly related to the scene properties [6, 10].
Closed form solutions for the CPD pdf are available in lit-
erature for both single- and multi- look polarimetric SAR
images [6, 11, 12] and for backscattered intensity both
Gaussian and non-Gaussian distributed [12, 13]. In par-
ticular, in [13] was found that in many circumstances the
CPD pdf for multi-look polarimetric SAR images is the
same both for Gaussian and non-Gaussian regime. Ac-
cording to [13], such pdf has a Gaussian shape with a
mean value and standard deviation related to the scene
and sensor properties. The width of the pdf is related
to the modulus of the correlation coefﬁcient between the
HH and VV backscattered signals, ˙ ρ, which is given by:
˙ ρ =
D
˙ Shh ˙ S∗
vv
E
rD
| ˙ Shh|2
ED
| ˙ Svv|2
E , (6)
In particular with zero correlation the CPD pdf becomes
uniformly distributed, thus in this case the CPD pdf, like
the ϕx one, does not contain any useful information about
the scene. As the correlation increases the CPD pdf be-
comes more peaked, appraching to a Dirac delta func-
tion for the total correltion case [6, 12, 13]. Accord-
ing to [5, 6, 10] both its mean (µ) and σ are related to
the sensor parameters (incidence angle and wavelenght)
and the scene parameters (roughness, dielectric constant,
etc.), however, σ exhibits variation with sensor and scene
parameters larger than µ [6].
3. EXPERIMENTS
In this section, some meaningful experiments, made
on C-Band Multilook Complex (MLC) SAR images,
are shown to illustrate the capability of σ for oil spill
observation. The data set, acquired by the sensor
SIR-C/X-SAR, is related to the missions STS-59 (April,
1994) and STS-68 (September and October, 1994). A
very simple and effective technique which allows the
estimation of σ of the CPD image by means of a N × N
moving window, has been implemented and applied to
the complex HH and VV SAR data relevant to both oil
spills and biogenic oil look-alikes and characterized by
wind speed ranging between low and moderate [2]. All
the results have been obtained using a 7 × 7 moving
window.
The ﬁrst data set is relevant to the acquisition of 1 Oc-
tober 1994, 8:14 UTC, under moderate wind conditions.
Fig.2(a) shows a cut of the C-band VV SAR image in
whichanoilspillispresentandclearlyvisisble. TheCPD
image relevant to this cut has been used to estimate σ
shown in Figs.1(b). The same format is used in all subse-
quent experiments. The output image (Figs.1(b)) clearly
showes features related to the oil spill. Analysis of the σ
image allows highlithing the different behaviour of the σ
values belonging to the oil spill with respect to the ones
relevant to the sea background. In particular, due to the
high decorrelation between the HH and VV components,
the σ values relevant to the low backscattering area are
much larger than those relavant to the surronding sea. In
datail, while the mean σ value relavant to the sea back-
ground is 17◦ the one relevant to the oil spill is 72◦.Figure 1. VV (a) and σ (b) images of C-Band SAR data
relevant to the acquisition of 01-10-1994 at 08:14 UTC,
in which an oil spill is present.
The second data set is relevant to the acquisition of 11
April 1994, 10:49 UTC, under moderate wind condi-
tions. The output image (Figs.2(b)) clearly showes fea-
tures related to the oil spills present in the image shown
in Fig.2(a). The σ values show the same behaviour dis-
cussed in the previous case.
The third data set is relevant to the acquisition of 8 Octo-
ber 1994, 5:57 UTC, under a wind speed of 4.4 m/s. Like
the previous cases the output image (Figs.3(b)) clearly
showes features related to the oil spill of Fig.3(a). Al-
though the ﬁltering technique highlight the presence of
the oil spill, the difference between the σ values rele-
vant to the surrounding sea with respect to the oil spill
is weaker than the previous cases. The analysis of all
the results allows assessing that the σ images are suitable
for oil spill observation, since the ﬁltering technique pro-
duces a σ image in which the presence of the oil spill is
emphasized respect to the input data.
Nextexperimetsregardthecapabilityoftheﬁlteringtech-
nique to de-enphasize the presence of biogenic look-alike
with respect to the input SAR VV data. The forth data set
is relevant to the acquisition of 15 April 1994, 2:14 UTC,
acquired under a wind speed of 8.8 m/s. An Oley Alchool
(OLA) spill is clearly visible in Fig.4(a). An OLA pro-
duces a mono-mulecular ﬁlm which can be regarded as a
biogenic oil look-alike [14]. The output image is shown
in Figs.4(b). Analysing the σ image (see Fig.4(b)) it is
possible to recognise that the OLA and the surrounding
sea σ values are similar and very ethereogeneous within
a range [1◦, 10◦] which is narrower that the one relevant
to the oil spills.
Last two data sets are relevant to the acquisitions of 4
October 1994, 4:37 UTC (acquired under a wind speed of
9.3 m/s) and 1 October 1994, 5:33 UTC (acquired under a
wind speed of 5.7 m/s), in which an OLA is present. The
output images, shown in Figs.5(b)-6(b), like the previous
case, do not show any features related to the OLA.
The analysis of the results relevant to the biogenic look-
alikes allows assessing that the ﬁltering techniqe is able
to de-enphasize the presence of the OLA with respect to
the input data.
4. CONCLUSIONS
A simple and very effective technique, useful to im-
prove/assist oil spill observation, has been implemented
and tested over SAR C-Band polarimetric data. Results
show that the ﬁltering tecnique, based on the co-polarize
phase difference between HH and VV channels, is very
useful for both oil spill detection and for distinguishing
between oil spills and biogenic oil look-alikes. Since it
needs only HH and VV data such technique can be ap-
plied also on dual-polarized sensors such as the ASAR
operated on board on the ENVISAT satellite and forth-
coming COSMO-SKYMED.Figure 2. VV (a) and σ (b) images of C-Band SAR data
relevant to the acquisition of 11-04-1994 at 10:49 UTC,
in which an oil spill is present.
Figure 3. VV (a) and σ (b) images of C-Band SAR data
relevant to the acquisition of 8-10-1994 at 5:57 UTC, in
which an oil spill is present.Figure 4. VV (a) and σ (b) images of C-Band SAR data
relevant to the acquisition of 15-04-1994 at 2:14 UTC, in
which an OLA is present.
Figure 5. VV (a) and σ (b) images of C-Band SAR data
relevant to the acquisition of 4-10-1994 at 4:37 UTC, in
which an OLA is present.
Figure 6. VV (a) and σ (b) images of C-Band SAR data
relevant to the acquisition of 1-10-1994 at 5:33 UTC, in
which an OLA is present.
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